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UHSUHVHQWHGDVQRGHV DQGD OLQN LV IRUPHGEHWZHHQ DSDLURI DFWRU LI WKH\ DSSHDU LQ WKH VDPHPRYLH(DFK OLQN LVDVVLJQHG D
ZHLJKWUHSUHVHQWLQJWKHQXPEHURIFRRFFXUUHQFHVRIWKHSDLULQGLIIHUHQWPRYLHV
Figure 1:)RUPDWLRQRIDFWRUQHWZRUN
&R RFFXUUHQFH QHWZRUNV DUH PRVW VXLWHG WR UHYHDO WKH HYROXWLRQ RI D V\VWHP ZKLFK KDV ILQLWH VHW RI HQWLWLHV ZLWK QRQ]HUR
SUREDELOLW\ RI HVWDEOLVKLQJD OLQN EHWZHHQ WKHP'XYXUXHWDO H[WHQVLYHO\ XVHG FR RFFXUUHQFHQHWZRUNV WR XQFRYHU HPHUJLQJ
WUHQGV LQDFDGHPLF UHVHDUFK7KHZHLJKWHGQDWXUH RI FR RFFXUUHQFHQHWZRUNV FDOOV IRUQHWZRUNPHDVXUHV VSHFLILF WRZHLJKWHG




Degree Distribution:'HJUHH RI D QRGH LV WKHQXPEHU RI OLQNV LQFLGHQW RQ WKHQRGH ,W LV DPHDVXUH RI FHQWUDOLW\ RU UHODWLYH
LPSRUWDQFH RI D QRGH LQ WKH QHWZRUN 'HJUHH GLVWULEXWLRQ LV D IUHTXHQF\ SORW RI WKH QRGHV
 GHJUHHV LQ D QHWZRUN 'HJUHH
GLVWULEXWLRQSURYLGHVDQRYHUDOOSLFWXUHRIWKHVWUXFWXUHRIDQHWZRUN0RVWUHDOZRUOGQHWZRUNVIROORZDSRZHUODZGLVWULEXWLRQ
VLJQLI\LQJ WKHSUHVHQFHRIDFRQVLGHUDEOHQXPEHURIKLJKGHJUHHQRGHVRUKXEVZKLFK IRUP WKHEDFNERQHRID V\VWHP'HJUHH
GLVWULEXWLRQRIDQHWZRUNZLOOGHWHUPLQHLIWKHVWUXFWXUHDQGEHKDYLRXULVUDQGRPRUVFDOHIUHH
Strength Distribution:7KHGHJUHHRIDQRGHPD\LQWXLWLYHO\KLQWDWWKHLPSRUWDQFHRIWKHVDPH+RZHYHULWPD\QRWQHFHVVDULO\
EH D EHWWHUPHDVXUH LQZHLJKWHGQHWZRUNV$ZHLJKWHGQHWZRUN LV RIWHQ GHVFULEHG E\ DZHLJKWHGDGMDFHQWPDWUL[ZLMZKLFK
UHSUHVHQWVWKHZHLJKWRQWKHOLQNEHWZHHQQRGHLDQGMZLWKLM 1ZKHUH1LVWKHVL]HRIWKHQHWZRUN+HUHRQO\WKH
XQGLUHFWHG QHWZRUN ZLWK V\PPHWULF ZHLJKWV ZLM   ZML LV FRQVLGHUHG 7KH GHILQLWLRQ RI GHJUHH FDQ EH H[WHQGHG WR VWUHQJWK
QDWXUDOO\DV
 M L LM6L Z* ¦
ZKHUHWKHVXPUXQVRYHUWKHVHW  L* RIQHLJKERXUVRIQRGHL7KHVWUHQJWKRIDQRGHLQWHJUDWHVWKHLQIRUPDWLRQDERXWLWVGHJUHH
DQGWKHZHLJKWVDORQJLWVOLQNVWKXVFDQFKDUDFWHUL]HWKHLPSRUWDQFHRIWKHQRGHPRUHDFFXUDWHO\WKDQLWVGHJUHH
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$ORFDOZHLJKWHGDYHUDJHRI WKHQHDUHVWQHLJKERXUGHJUHH LVFRQVLGHUHGDFFRUGLQJ WR WKHQRUPDOL]HGZHLJKWRI WKHFRQQHFWLQJ
HGJHV LM LZ 6  7KH 
Z
QQ LN PHDVXUHV WKH HIIHFWLYH DIILQLW\ WR FRQQHFW ZLWK KLJK RU ORZGHJUHH QHLJKERXUV DFFRUGLQJ WR WKH
PDJQLWXGH RI WKH DFWXDO LQWHUDFWLRQV $V ZHOO WKH EHKDYLRXU RI WKH IXQFWLRQ  ZQQN N KLJKOLJKWV ZHLJKWHG DVVRUWDWLYH RU
GLVDVVRUWDWLYHSURSHUWLHV
Average Weight as a Function of End Point Degree:7KLVPHDVXUHLVGHILQHGDVIROORZV
 LM L MZ N N !
7KLVPHDVXUHDOORZVRQHWRREVHUYHFRRFFXUUHQFHRIOLQNEHWZHHQWZRQRGHVDVWKHGHJUHHFKDQJHV,QWKLVZRUNLWZLOOHQDEOH
XVWRREVHUYHWKHKRZIUHTXHQWO\KLJKGHJUHHDFWRUVDFWZLWKHDFKRWKHU
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      ,Q DOO VHYHQ JURXSV ZHUH IRUPHG EDVHG RQ WHPSRUDO
FODVVLILFDWLRQIRUGDWDSHUWDLQLQJWRHDFKRI%ROO\ZRRG7DPLODQG0DOD\DODPLQGXVWU\
3. Analysis
7KH GDWD FROOHFWHG ZDV DQDO\VHG DORQJ VHOHFWHG QHWZRUN PHDVXUHV  :H REVHUYH WKDW WKH %ROO\ZRRG DFWRU QHWZRUN LV
WRSRORJLFDOO\VLPLODUWR WKH VFLHQWLVWFROODERUDWLRQQHWZRUN KLJKO\DVVRUWDWLYHDQGODFNRI FOXVWHULQJRIKXEV7KH7DPLODQG
0DOD\DODPDFWRUQHWZRUNLVVLPLODUWRWKHNQRZOHGJHQHWZRUNKLJKO\GLVDVVRUWDWLYHDQGODFNRIFOXVWHULQJRIKXEV
Degree Distribution:)LJXUH$VKRZVWKHGHJUHHGLVWULEXWLRQRIWKHPRYLHDFWRUQHWZRUNIRUDOOWKHWKUHHUHJLRQDOVHJPHQWV
:HILQGSRZHUODZGHJUHHGLVWULEXWLRQDFURVV%ROO\ZRRG7DPLODQG0DOD\DODP LQGXVWULHV IRUDOO WKH ILYH \HDUJURXSSHULRGV
IURP  WR  ,W SRLQWV WR WKH VFDOHIUHH QDWXUH RI WKH PRYLH DFWRU QHWZRUN ZKLFK LQGLFDWHV SUHVHQFH RI IHZ KLJKO\
FRQQHFWHGQRGHV KXEV DQGPDQ\QRGHVZLWK IHZ FRQQHFWLRQV0RUHRYHU WKH WHQGHQF\ WR GHYLDWH IURPSRZHU ODZ DFURVV WKH
WHPSRUDOIUDPHLVDEVHQW,WLVLPSRUWDQWWRQRWHWKDWWKHKXEVGRQRWH[FOXVLYHO\UHSUHVHQWSRSXODUOHDGDFWRUV,QWKLVFDVHZH
REVHUYHWKDWWKHKXEVDUHDPL[RISRSXODUOHDGDFWRUVDQGIUHTXHQWVXSSRUWLQJDFWRUV




Average Weighted nearest Neighbour’s Degree as a Function of Degree:)LJXUH&VKRZVWKHFKDQJHLQDYHUDJHZHLJKWHG
QHDUHVW QHLJKERXU¶V GHJUHH DV D IXQFWLRQ RI GHJUHH:H REVHUYH QHJOLJLEOH GHYLDWLRQ WKDW DFURVV WHPSRUDO VFDOHVZLWKLQ HDFK
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  
Figure 2:&RPSDULVRQRIVHOHFWHGQHWZRUNPHDVXUHVDFURVVSUHVHWWHPSRUDOIUDPHVVWDUWLQJIURPWR&RORXUVLQGLFDWH
WKH WHPSRUDO ZLQGRZ 7KH IROORZLQJ QHWZRUN PHDVXUHV DUH FRPSDUHG EHWZHHQ DFWRU QHWZRUN IURP %ROO\ZRRG 7DPLO DQG
0DOD\DODPPRYLHLQGXVWU\$'HJUHHGLVWULEXWLRQ%6WUHQJWKGLVWULEXWLRQ&$YHUDJHZHLJKWHGQHDUHVWQHLJKERXU¶VGHJUHHDV
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DIXQFWLRQRIGHJUHH'$YHUDJHZHLJKWDVDIXQFWLRQRIHQGSRLQWGHJUHH(:HLJKWHGFOXVWHULQJFRHIILFLHQWDVDIXQFWLRQRI
GHJUHH
Average Weight as a Function of End Point Degree:)LJXUH'VKRZVKRZDYHUDJHZHLJKWFKDQJHVLQDFFRUGDQFHZLWKWKH
HQGSRLQWGHJUHH7KHDYHUDJHZHLJKWLQFUHDVHVLQDFFRUGDQFHZLWKLQFUHDVHLQHQGSRLQWGHJUHH7KLVSKHQRPHQRQLVREVHUYHG
DFURVVDOOWKHWKUHHPRYLHLQGXVWULHVDFURVVDOOWHPSRUDOIUDPHV$OOWKHWKUHHLQGXVWULHVH[KLELWDQH[SRQHQWLDOLQFUHDVHLQYDOXHV
RI DYHUDJHZHLJKW ZLM! IRU YDOXHV RI NLNM !  ,W LQGLFDWHV WKDW WKH WHQGHQF\ WR DFW LQPXOWLSOHPRYLHV WRJHWKHU LQFUHDVHV
EHWZHHQKLJK GHJUHHDFWRUV WKH DFWRUVZKRKDYHDFWHGZLWKPRUHQXPEHU RI DFWRUV WHQG WRZRUNZLWK RWKHU DFWRUVZKRKDYH
ZRUNHGZLWKPRUHDFWRUV
Weighted Clustering Coefficient as a Function of Degree:)LJXUH(VKRZVWKHZHLJKWHGFOXVWHULQJFRHIILFLHQWDVDIXQFWLRQ
RIGHJUHH7KHREVHUYDWLRQVRQGHFD\ LQYDOXHVDUHVLPLODUDFURVVDOO WKH WKUHH LQGXVWULHVDQGDFURVVDOOWHPSRUDO IUDPHV 7KLV




7KH RUJDQL]LQJ SDWWHUQV RI DFWRUV LQ QDWLRQDO %ROO\ZRRG DQG UHJLRQDO 7DPLO DQG 0DOD\DODP PRYLH LQGXVWU\ VKRZ KLJK
VLPLODULW\LQGHJUHHGLVWULEXWLRQVWUHQJWKGLVWULEXWLRQDYHUDJHZHLJKWDVDIXQFWLRQRIHQGSLQWGHJUHHDQGZHLJKWHGFOXVWHULQJ
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